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(57) ABSTRACT

The invention provides an organic compound which shows an
excellent electron-injecting/transporting performance, has a
hole-blocking ability and shows a high stability as a film, that
is, having excellent characteristics as a material for organic
electroluminescent device having high efficiency and high
durability; and provides an organic EL device comprising the
compound and having high efficiency and high durability.
The organic compound being a substituted bipyridyl com-
pound represented by the general formula (1);
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SUBSTITUTED BIPYRIDYL COMPOUND
AND ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

The present invention relates to a compound suitable for
organic electroluminescent (EL) device, a self-emitting
device favorable for various display devices, and to the
device, and precisely to a substituted bipyridyl compound and
to an organic EL device comprising the compound.

BACKGROUND ART

Anorganic EL device is a self-emitting device and has been
actively studied, since it is light and excellent in the visibility
and enables vivid display as compared with liquid-crystal
devices.

In 1987, Eastman Kodak’s C. W. Tang, et al. developed
laminate structure devices in which the constitutive materials
share various roles and have thereby put organic EL. materials
comprising organic materials into practical use. They lami-
nated a fluorescent material capable of transporting electrons
and an organic material capable of transporting holes, and
thereby injected both charges into a fluorescent material layer
for light emission, and obtained a high luminance of at least
1000 cd/m? at a voltage of 10 V or less (for example, see
Patent Reference 1 and Patent Reference 2).

Patent Reference 1: JP-A 8-48656
Patent Reference 2: Japanese Patent No. 3194657

Up to the present, various improvements have been made
for practical use of organic EL devices, and an electrolumi-
nescent device has come to attain high efficiency and dura-
bility, in which various roles are further subdivided to com-
prise an anode, a hole injection layer, a hole transport layer, a
light-emitting layer, an electron transport layer, an electron
injection layer and a cathode, as provided in that order on a
substrate (for example, see Non-Patent Reference 1).
Non-Patent Reference 1: Preprint in 9th Seminar of the Japan

Society of Applied Physics, pp. 55-61 (2001)

For the purpose of further improvement in luminous effi-
ciency, use of a triplet exciton has been tried, and use of a
phosphorescent material is being investigated (for example,
see Non-Patent Reference 2).

Non-Patent Reference 2: Preprint in 9th Seminar of the Japan

Society of Applied Physics, pp. 23-31 (0.2001)

A light-emitting layer may be formed by doping a charge-
transporting compound generally referred to as a host mate-
rial with a fluorescent material or a phosphorescent material.
As described in the above-mentioned seminar preprints, the
selection of organic materials in organic ELL devices has a
significant influence on various characteristics such as the
efficiency and the durability of the devices.

In an organic EL device, the charges injected from both
electrodes are recombined in the light-emitting layer to emit
light. In this, however, since the hole mobility is higher than
the electron mobility, there occurs a problem of efficiency
reduction owing to passing of a part of holes through the
light-emitting layer. Accordingly, an electron-transporting
material in which the electron mobility is high is desired.

A typical light-emitting material, tris(8-hydroxyquinoline)
aluminium (hereinafter abbreviated as Alq;) generally serves
also as an electron-transporting material, but it could not be
said that the material may have a hole-blocking ability.

As a measure of preventing the passing of a part of holes
through a light-emitting layer and increasing the probability
of charge recombination in a light-emitting layer, there is
known a method of inserting a hole-blocking layer. As a
hole-blocking material, heretofore proposed are triazole
derivatives (for example, see Patent Reference 3), bathocu-
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2

proin (hereinafter abbreviated as BCP), mixed-ligand com-

plexes of aluminium (BAlq) (for example, see Non-Patent

Reference 2), etc.

For example, as an electron-transporting material having
an excellent hole-blocking ability, proposed is 3-(4-bipheny-
lyl)-4-phenyl-5-(4-t-butylphenyl)-1,2.4-triazole (hereinafter
abbreviated as TAZ) (for example, see Patent Reference 3).
Patent Reference 3: Japanese Patent No. 2734341

TAZ has a large work function of 6.6 eV and has a high
hole-blocking ability, and is therefore used as an electron-
transporting hole-blocking layer to be laminated on the cath-
ode side of the fluorescent light-emitting layer or the phos-
phorescence-emitting layer formed through vacuum
evaporation, coating or the like, and contributes toward
increasing the efficiency of organic EL devices (for example,
see Non-Patent Reference 3).

Non-Patent Reference 3: Preprint in 28p-A-6 Lecture of the
50th Applied Physics-Associated Joint Lecture Presenta-
tion, p. 1413 (2003)

However, TAZ has a serious problem in that its electron
transportability is low, and it must be combined with an
electron-transporting material having a higher electron trans-
portability in using it for constructing organic EL. devices (for
example, see Non-Patent Reference 4).

Non-Patent Reference 4: Journal of the Organic Molecule/
Bioelectronics Section Committee of the Japan Society of
Applied Physics, Vol. 11, No. 1, pp. 13-19 (2000)

BCP has a large work function of 6.7 eV and has a high
hole-blocking ability, but has a low glass transition point (Tg)
of'83° C., and therefore its film stability is poor, and accord-
ingly, it could not be said that BCP may fully function as a
hole-blocking layer. Accordingly, for a phosphorescent
device, use of BAlq as the hole-blocking layer is proposed as
ameasure for life prolongation. The life of the device could be
prolonged; however, since the work function of BAlq is 5.8
eV and is small, holes could not be efficiently trapped in the
light-emitting layer, and the device could not be said to be
sufficient owing to efficiency reduction therein as compared
with a device comprising BCP.

Non-Patent Reference 5: 9th Lecture in the Organic Mol-
ecule/Bioelectronics Section Committee of the Japan Soci-
ety of Applied Physics, pp. 23-31 (2001)

All the materials are insufficient in the stability of films
thereof or insufficient in the function thereof of blocking
holes. For improving the characteristics of organic EL
devices, desired are organic compounds showing an excellent
electron-injecting/transporting performance, an excellent
hole-blocking ability and showing a high stability as thin
films.

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

An object of the invention is to provide an organic com-
pound which shows an excellent electron-injecting/transport-
ing performance, has a hole-blocking ability and shows a high
stability as a thin film, that is, having excellent characteristics
as a material for organic electroluminescent device having
high efficiency and high durability; and to provide an organic
EL device comprising the compound and having high effi-
ciency and high durability. The physical characteristics of the
organic compound suitable to the invention are that the com-
pound has (1) a good electron injection characteristic, (2) a
high electron mobility, (3) an excellent hole-blocking ability,
and is (4) stable as a thin film and (5) excellent in heat
resistance. The physical characteristics of the device suitable
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to the invention are that the device has (1) a high luminous
efficiency, (2) a low turn on voltage, and (3) a low practical
drive voltage.

Means for Solving the Problems

For attaining the above-mentioned object, the present
inventors have noted that, on the nitrogen atom thereof, an
electrophilic pyridine ring has the ability to coordinate with a
metal and is excellent in heat resistance, and have planned and
chemically synthesized a substituted bipyridyl compound;
and using the compound, the inventors have produced various
organic electroluminescent devices experimentally, and have
assiduously investigated and evaluated the characteristics of
the devices and, as a result, have completed the present inven-
tion.

Specifically, the invention is a substituted bipyridyl com-
pound represented by a general formula (1), and is an organic
electroluminescent device having a pair of electrodes and
having at least one organic layer sandwiched between them,
wherein the compound is used as the constitutive material of
at least one organic layer.

[Formula 1]

M

n

(wherein R' to R” may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a di- to tetra-
valent, substituted or unsubstituted aromatic hydrocarbon
group, a di- to tetra-valent, substituted or unsubstituted aro-
matic heterocyclic group, a di- to tetra-valent, substituted or
unsubstituted condensed polycyclic aromatic group, or a
trivalent group represented by the following general formula

):
®
XJ;Y

|

N

[Formula 2]
@

\

(wherein X, Y and Z each represents a carbon atom or a
nitrogen atom); provided that when n=2, the two bipyridyl
structures may direct bond to each other, and in the case, A is
absent).
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The aromatic hydrocarbon group, the aromatic heterocy-
clic group or the condensed polycyclic aromatic group of the
substituted or unsubstituted aromatic hydrocarbon group, the
substituted or unsubstituted aromatic heterocyclic group or
the substituted or unsubstituted condensed polycyclic aro-
matic group for A in the general formula (1) concretely
include the following groups: a phenyl group, a biphenylyl
group, a terphenylyl group, a tetrakisphenyl group, a styryl
group, a naphthyl group, an anthryl group, an acenaphthenyl
group, a fluorenyl group, a phenanthryl group, a pyrenyl
group, a pyridyl group, a pyrimidyl group, a triazine group, a
furanyl group, a pyronyl group, a thienyl group, a quinolyl
group, a benzofuranyl group, a benzothienyl group, an
indolyl group, a carbazolyl group, a benzoxazolyl group, a
benzothiazolyl group, a quinoxalyl group, a benzimidazolyl
group, a pyrazolyl group, a dibenzofuranyl group, a diben-
zothienyl group, a naphthyridinyl group, a phenanthrolyl
group.

The substituent for the substituted or unsubstituted aro-
matic hydrocarbon group, the substituted or unsubstituted
aromatic heterocyclic group or the substituted or unsubsti-
tuted condensed polycyclic aromatic group for A in the gen-
eral formula (1) concretely includes a fluorine atom, a chlo-
rine atom, a cyano group, a hydroxyl group, a nitro group, and
a linear or branched alkyl group having from 1 to 6 carbon
atoms, and these may be further substituted.

The aromatic hydrocarbon group of the substituted or
unsubstituted aromatic hydrocarbon group, the substituted or
unsubstituted aromatic heterocyclic group or the substituted
orunsubstituted condensed polycyclic aromatic group for R1
to R7 in the general formula (1) concretely include a phenyl
group, a biphenylyl group, a terphenylyl group, a tetrakisphe-
nyl group, a styryl group, a naphthyl group, an anthryl group,
an acenaphthenyl group, a fluorenyl group, a phenanthryl
group, an indenyl group, a pyrenyl group, a pyridyl group, a
bipyridyl group, a pyrimidinyl group, a furanyl group, a pyro-
nyl group, a thienyl group, a quinolyl group, an isoquinolyl
group, a benzofuranyl group, a benzothienyl group, an
indolyl group, a carbazolyl group, a benzoxazolyl group,
benzothiazolyl group, a quinoxalyl group, a benzimidazolyl
group, a pyrazolyl group, a dibenzofuranyl group, a diben-
zothienyl group, a naphthyridinyl group, a phenanthrolinyl
group, and an acridinyl group.

The substituent for the substituted or unsubstituted aro-
matic hydrocarbon group, the substituted or unsubstituted
aromatic heterocyclic group or the substituted or unsubsti-
tuted condensed polycyclic aromatic group for R1to R7 inthe
general formula (1) concretely includes a fluorine atom, a
chlorine atom, a triffuoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a phenyl group,
abiphenylyl group, a terphenyl group, a tetrakisphenyl group,
a styryl group, a naphthyl group, a fluorenyl group, a phenan-
thryl group, an indenyl group, a pyrenyl group, a pyridyl
group, a bipyridyl group, a pyrimidyl group, a quinolyl group,
an isoquinolyl group, an indolyl group, a carbazolyl group, a
quinoxalyl group, and a pyrazolyl group, which may be fur-
ther substituted.

The substituted bipyridyl compound represented by the
general formula (1) of the invention secures a higher transfer
electron rate than conventional electron-transferring materi-
als, and has an excellent hole-blocking ability and is stable as
a thin film.

The substituted bipyridyl compound represented by the
general formula (1) of the invention can be used as a consti-
tutive material for the electron transport layer of an organic
electroluminescent device (hereinafter abbreviated as organic
EL device). Using the material having a higher electron injec-
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tion/mobility than conventional materials brings about the
advantages that the electron transportation efficiency from
the electron transport layer to the light-emitting layer is
improved, that the light luminous efficiency is improved, and
that the drive voltage is lowered and the durability of organic
EL devices is enhanced.

The substituted bipyridyl compound represented by the
general formula (1) of the invention can be used as the con-
stitutive material of the hole-blocking layer of an organic ELL
device. Using the material having an excellent hole-blocking
ability, more excellent in electron transportability than con-
ventional materials and highly stable as a thin film brings
about the advantages that the drive voltage is lowered while
high light luminous efficiency is secured, and that the current
resistance is improved and therefore the maximum emission
luminance of organic EL devices is thereby increased.

The substituted bipyridyl compound represented by the
general formula (1) of the invention can be used as the con-
stitutive material of the light-emitting layer of an organic EL.
device. Using the material of the invention that has more
excellent electron transportability than conventional materi-
als and has a broad band gap as the host material in the
light-emitting layer and making the host material carry a
fluorescent material or a phosphorescent material called a
dopant therewith for the light-emitting layer brings about the
advantage of realizing an organic EL device that has a low-
ered drive voltage and has improved light luminous effi-
ciency.

The organic EL device of the invention comprises the sub-
stituted bipyridyl compound capable of securing more rapid
electron transfer than conventional electron-transporting
materials, having an excellent hole-blocking ability and
stable as a thin film, and therefore realizes high efficiency and
high durability.

Advantage of the Invention

The substituted bipyridyl compound of the invention
secures rapid electron transfer, has an excellent hole-blocking
ability and is stable as a thin film, and is therefore useful as a
constitutive material for the electron transport layer, the hole-
blocking layer or the light-emitting layer of an organic ELL
device. The organic EL device produced using the substituted
bipyridyl compound secures the advantages that the light
luminous efficiency is improved, that the drive voltage is
lowered and the durability is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 This is a 1H-NMR chart of the compound (com-
pound 6) of Example 1 of the invention.

FIG. 2 This is a 1H-NMR chart of the compound (com-
pound 8) of Example 2 of the invention.

FIG. 3 This is a 1H-NMR chart of the compound (com-
pound 15) of Example 3 of the invention.

FIG. 4 This is a 1H-NMR chart of the compound (com-
pound 29) of Example 4 of the invention.

FIG. 5 This is a 1H-NMR chart of the compound (com-
pound 63) of Example 5 of the invention.

FIG. 6 This is a view showing the EL. device constitution of
Examples 8 to 11 and Comparative Example 1 to 2.

FIG. 7 This is a graph for comparing the voltage/current
density characteristic between Example 8 and Comparative
Example 1.

FIG. 8 This is a graph for comparing the current density/
external quantum efficiency between Example 8 and Com-
parative Example 1.
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DESCRIPTION OF REFERENCE NUMERALS

1 Glass Substrate

2 Transparent Anode

3 Hole Transport Layer

4 Light-Emitting Layer

5 Hole-Blocking Layer

6 FElectron Transport Layer
7 Electron Injection Layer
8 Cathode

BEST MODE FOR CARRYING OUT THE
INVENTION

The substituted bipyridyl compounds of the invention are
novel compounds, and these substituted bipyridyl com-
pounds may be produced by reacting a boronic acid or a
boronate that is produced through reaction of a halide of
various aromatic hydrocarbon compounds, condensed poly-
cyclic aromatic compounds or aromatic heterocyclic com-
pounds with pinacol or bis(pinacolato)diboron (for example,
see Non-Patent Reference 6), with various halogenopyridines
in a mode of cross-coupling such as Suzuki coupling (for
example, see Non-Patent Reference 7). Through triazine ring
forming reaction of using sodium hydride for various aro-
matic hydrocarbon compounds, condensed polycyclic aro-
matic compounds or aromatic heterocyclic compounds hav-
ing a nitrile group (for example, see Patent Reference 4),
bipyridyl compounds with a triazine ring binding thereto may
be produced.

Non-Patent Reference 6: J. Org. Chem., 60 7508 (1995)
Non-Patent Reference 7: Synth. Commun., 11, 513 (1981)
Patent Reference 4: JP-A 2004-284971

Specific examples of preferred compounds of the substi-
tuted bipyridyl compounds represented by the general for-
mula (1) are shown below; however, the invention is not
limited to these compounds.

[Formula 3]

(Compound 2)
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-continued -continued
[Formula 4] [Formula 7]
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-continued -continued
[Formula 10] [Formula 13]
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[Formula 22] [Formula 25]
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[Formula 28] [Formula 30]

(Compound 27) (Compound 29)
5

20

25

30

[Formula 29] 35

(Compound 28)
[Formula 31]

40 (Compound 30)

45

50

55

60

65



US 8,642,189 B2
17 18

-continued -continued
[Formula 32] [Formula 34]
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[Formula 40] [Formula 42]
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[Formula 44] [Formula 46]
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[Formula 49] [Formula 51]
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[Formula 53] [Formula 55]
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[Formula 58]
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-continued
[Formula 62]

(Compound 61)

These compounds are purified through column chromatog-
raphy purification, adsorption purification, or recrystalliza-
tion or crystallization with solvent, etc. The compounds are
identified through NMR analysis. DSC measurement (Tg)
and melting point measurement are made for the physical
data. The melting point can be an index of vapor deposition,
and the glass transition point (Tg) can be an index of thin film
stability.

For measurement of the melting point and the glass tran-
sition point thereof, the powder of the compound is analyzed
with a high-sensitivity differential scanning calorimeter,
Seiko Instruments” DSC6200.

The work function is measured as follows; A 100-nm thin
film of the compound is formed on an ITO substrate, and
analyzed with an atmospheric photoelectron spectrometer,
Riken Keiki’s AC3 Model. The work function can be an index
of'hole-blocking capability.

The structure of the organic EL device of the invention
includes one comprising an anode, a hole transport layer, a
light-emitting layer, a hole-blocking layer, an electron trans-
port layer and a cathode in that order on a substrate, one
having a hole injection layer between the anode and the hole
transport layer, or one having an electron injection layer
between the electron transport layer and the cathode. In the
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multilayer structure, some organic layers may be omitted; and
for example, an anode, a hole transport layer, a light-emitting
layer, an electron transport layer and a cathode may be formed
in that order on a substrate.

As the anode of the organic EL device, used is an electrode
material having a large work function, such as ITO or gold.
For the hole injection layer, usable is copper phthalocyanine
(hereinafter abbreviated as CuPc) as well as a material of a
starburst-type triphenylamine derivative or the like, or a coat-
ing type material.

For the hole transport layer, usable are benzidine deriva-
tives such as N,N'-diphenyl-N,N'-di(m-tolyl)-benzidine
(hereinafter abbreviated as TPD) and N,N'-diphenyl-N,N'-di
(o-naphthyl)-benzidine (hereinafter abbreviated as NPD),
various triphenylamine tetramers, etc. As the hole injection/
transport layer, usable is a coating type polymer material such
as PEDOT/PSS.

For the light-emitting layer, the hole-blocking layer and the
electron transport layer of the organic EL device of the inven-
tion, usable are compounds having a hole-blocking effect, for
example, complexes with aluminium such as BAlq, thiazole
derivatives, oxazole derivatives, carbazole derivatives, poly-
dialkylfluorene derivatives, phenanthroline derivatives such
as BCP, triazole derivatives such as TAZ and the like, in
addition to the substituted bipyridyl compounds.

Using a conventional light-emitting material such as a
complex with aluminum or a styryl derivative as the light-
emitting layer and using the substituted bipyridyl compound
as the hole-blocking layer and the electron transport layer
provides high-efficiency organic EL devices. As the host
material for the light-emitting layer, for example, usable is a
fluorescent material such as quinacridone, coumarin or
rubrene. As the phosphorescent material, usable are green
phosphorescent materials such as iridium complex of phe-
nylpyridine Ir(ppy)3; blue phosphorescent material such as
Flrpic, FIr6; red phosphorescent material such as Btp2lr
(acac), etc. Regarding the host material for this, carbazole
derivatives such as 4,4'-di(N-carbazolyl)biphenyl (hereinat-
ter abbreviated as CBP), 4,4',4"-tri(N-carbazolyl)tripheny-
lamine (hereinafter abbreviated as TCTA), 1,3-bis(carbazol-
9-yl)benzene (hereinafter abbreviated as mCP) are usable as
the hole-injecting/transporting host materials; and 2,2',2"-(1,
3,5-phenylene)-tris(1-phenyl-1H-benzimidazole) (hereinaf-
ter abbreviated as TPBI) and the like are usable as the elec-
tron-transporting host material. With these, a high-efficiency
organic EL device can be produced.

A conventional electron-transporting material may be
superposed or co-deposited on the substituted bipyridyl com-
pound to obtain an electron transport layer for use herein.

The organic EL device of the invention may have an elec-
tron injection layer. For the electron injection layer, usable is
lithium fluoride or the like. As the cathode, usable is an
electrode material having a low work function such as alumi-
num, or an alloy having a lower work function such as alu-
minum-magnesium is also usable as the electrode material for
the cathode.

Embodiments of the invention will be described in detail
with reference to the following Examples; however, not over-
stepping the scope and the sprit thereof, the invention should
not be limited to the following Examples.

Example 1

Synthesis of 1,3,5-tris(2,2-'bipyridin-6-yl)benzene
(compound 6)

8.6 g of 1,3,5-tribromobenzene, 25.0 g of bis(pinacolato)
diboron, 24.1 g of potassium acetate, 250 ml of dimethyl
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sulfoxide previously dewatered with Molecular Sieves 4A,
and 1.4 g of PdCl,(dppf)-CH,Cl, were put into a nitrogen-
purged reactor, then heated, and stirred at 80° C. for 20 hours.
After cooled to room temperature, the reaction liquid was put
into 1000 ml of water, and stirred for 30 minutes. The pre-
cipitate was collected through filtration, and the precipitate
was washed with methanol to obtain a crude product. The
crude product was dissolved in 200 ml of ethyl acetate, the
insoluble matter was removed through filtration, and the fil-
trated was concentrated to dryness to obtain 7.1 g (yield 57%)
of'a white powder, 1,3,5-tris(4,4,5,5-tetramethyl-[ 1,3,2]diox-
abororan-2-yl)benzene.

2.5 g of the obtained 1,3,5-tris(4,4,5,5-tetramethyl-[ 1,3,2]
dioxabororan-2-yl)benzene, 3.8 g of 6-bromo-[2,2']-bipyri-
dine, 32.3 ml of aqueous 1 M potassium carbonate solution,
0.3 g of tetrakis(triphenylphosphine)palladium(0), 108 ml of
toluene and 27 ml of ethanol were put into a nitrogen-purged
reactor, and heated under reflux with stirring for hours. After
cooled to room temperature, this was processed for liquid-
liquid separation with 100 ml of water and 100 ml of toluene
added thereto, and the organic layer was further washed with
100 ml of water. The organic layer was dewatered with anhy-
drous magnesium sulfate and then concentrated to obtain a
crude product. The crude product was purified through col-
umn chromatography (carrier: NH silica gel, eluent: chloro-
form/n-hexane)to obtain 1.1 g (yield 38%) of'a white powder,
1,3,5-tris(2,2'-bipyridin-6-yl)benzene (compound 6).

The structure of the obtained white powder was identified
through NMR. The 1H-NMR data are shown in FIG. 1.

In the 1H-NMR (CDCI13), the following 24 hydrogen sig-
nals were detected: 0 (ppm)=9.02 (3H), 8.76 (6H), 8.47 (3H),
7.99-8.04 (6H), 7.69 (3H), 7.37 (3H).

Example 2

Synthesis of 2,4,6-tris(2,2'-bipyridin-6-y1)-[1,3,5]
triazine (compound &)

5.0 g of [2,2']-bipyridine-6-carbonitrile, and 0.2 g of
sodium hydride were put into a nitrogen-purged reactor, then
heated and stirred at 150° C. for 7 hours. After cooled to room
temperature, 15 ml of methanol was added to the reaction
liquid, and further stirred for 1 hour. Subsequently, this was
processed for liquid-liquid separation with 70 ml of water and
100 ml of chloroform added thereto, and the organic layer was
further washed with 50 ml of water. The organic layer was
dewatered with anhydrous sodium carbonate and concen-
trated to obtain a crude product. The crude product was puri-
fied through recrystallization with 70 ml of orthodichloroben-
zene to obtain 2.3 g (yield 46%) of a pale yellow powder,
2.,4,6-tris(2,2'-bipyridin-6-y1)-[ 1,3,5]triazine (compound 8).

The structure of the obtained pale yellow powder was
identified through NMR. The 1H-NMR data are shown in
FIG. 2.

In the 1H-NMR (CDCI13), the following 21 hydrogen sig-
nals were detected: 0 (ppm)=8.99 (6H), 8.75 (6H), 8.17 (3H),
7.97 (3H), 7.42 (3H).

Example 3

Synthesis of
1,2.4,5-tetrakis(2,2'-bipyridin-6-yl)benzene
(compound 15)

Like in the above-mentioned Example 1, 1,2,4,5-tetrakis
(4,4,5,5-tetramethyl-[1,3,2]dioxabororan-2-yl)benzene was
produced from 1,2,4,5-tetrabromobenzene and bis(pinacola-
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to)diboron. 2.1 g of the obtained 1,2,4,5-tetrakis(4,4,5,5-tet-
ramethyl-[1,3,2]dioxabororan-2-yl)benzene, 4.1 g of
6-bromo-2,2'-bipyridine, 21.8 ml of aqueous 2 M potassium
carbonate solution, 0.2 g of tetrakis(triphenylphosphine)pal-
ladium(0), 120 ml of toluene and 30 ml of ethanol were put
into a nitrogen-purged reactor, and heated under reflux with
stirring for hours. After cooled to room temperature, this was
processed for liquid-liquid separation with 100 ml of water
and 300 ml of chloroform added thereto, and the organic layer
was further washed with 100 ml of water. The organic layer
was dewatered with anhydrous magnesium sulfate and then
concentrated to obtain a crude product. The crude product
was purified through column chromatography (carrier: NH
silica gel, eluent: chloroform/n-hexane) to obtain 0.3 g (yield
12%) of a white powder, 1,2,4,5-tetrakis(2,2'-bipyridin-6-yl)
benzene (compound 15).

The structure of the obtained white powder was identified
through NMR. The 1H-NMR data are shown in FIG. 3.

In the 1TH-NMR (CDCI3), the following 30 hydrogen sig-
nals were detected: 0 (ppm)=8.62 (4H), 8.26 (6H), 8.12 (4H),
7.71 (4H), 7.60 (4H), 7.37 (4H), 7.23 (4H).

Example 4

Synthesis of 1,3,5-tris(2,2";6',2"-terpyridin-6-yl)ben-
zene (compound 29)

3.0 g of 1,3,5-tris(4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
ran-2-yl)benzene obtained in the above-mentioned Example
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produced from 3,5,3',5'-tetrabromobiphenyl and bis(pinaco-
lato)diboron. 3.2 g of the obtained 3,5,3',5'-tetrakis(4,4,5,5-
tetramethyl-[1,3,2]dioxabororan-2-yl)biphenyl, 4.5 g of
6-bromo-2,2'-bipyridine, 28.7 ml of aqueous 2 M potassium
carbonate solution, 0.3 g of tetrakis(triphenylphosphine)pal-
ladium(0), 110 ml of toluene and 25 ml of ethanol were put
into a nitrogen-purged reactor, and heated under reflux with
stirring for hours. After cooled to room temperature, this was
processed for liquid-liquid separation with 100 ml of water
and 300 ml of chloroform added thereto, and the organic layer
was further washed with 100 ml of water. The organic layer
was dewatered with anhydrous magnesium sulfate and then
concentrated to obtain a crude product. The crude product
was purified through column chromatography (carrier: NH
silica gel, eluent: chloroform/n-hexane) to obtain 2.4 g (yield
64%) of a white powder, 3,5,3',5'-tetrakis(2,2'-bipyridin-6-
yDbiphenyl (compound 63).

The structure of the obtained white powder was identified
through NMR. The 1H-NMR data are shown in FIG. 5.

In the 1H-NMR (CDCI13), the following 34 hydrogen sig-
nals were detected: 0 (ppm)=8.96 (2H), 8.72 (8H), 8.63 (4H),
8.47 (4H), 8.00 (8H), 7.77 (4H), 7.32 (4H).

Example 6

The compounds of the invention were analyzed with a
high-sensitivity differential scanning calorimeter, Seiko
Instruments’ DSC6200 to determine the melting point and the
glass transition point thereof.

Melting Point Glass Transition Point
Compound of Example 1 of the invention 240° C. 74° C.
Compound of Example 2 of the invention 327°C. 86° C.
Compound of Example 3 of the invention 310°C. 115°C.
Compound of Example 4 of the invention 305° C. 110° C.
Compound of Example 5 of the invention 310°C. none

1, 6.2 g of 6-bromo-[2,2';6',2"]-terpyridine, 59.2 ml of aque-
ous 1 M potassium carbonate solution, 0.39 g of tetrakis
(triphenylphosphine)palladium(0), 131 ml of toluene and 33
ml of ethanol were put into a nitrogen-purged reactor, and
heated under reflux with stirring for hours. After cooled to
room temperature, this was processed for liquid-liquid sepa-
ration with 100 ml of water and 100 ml of toluene added
thereto, and the organic layer was further washed with 100 ml
of water. The organic layer was dewatered with anhydrous
magnesium sulfate and then concentrated to obtain a crude
product. The crude product was purified through column
chromatography (carrier: NH silica gel, eluent: chloroform/
n-hexane) to obtain 1.8 g (yield 35%) of a white powder,
1,3,5-tris(2,2";6',2"-terpyridin-6-yl)benzene (compound 29).

The structure of the obtained white powder was identified
through NMR. The 1H-NMR data are shown in FIG. 4.

In the 1TH-NMR (CDCI3), the following 33 hydrogen sig-
nals were detected: 0 (ppm)=9.09 (3H), 8.83 (3H), 8.74 (3H),
8.70 (6H), 8.51 (3H), 8.06 (9H), 7.90 (3H), 7.37 (3H).

Example 5

Synthesis of 3,5,3',5'-tetrakis(2,2'-bipyridin-6-y1)
biphenyl (compound 63)

Like in the above-mentioned Example 1,3,5,3',5'-tetrakis
(4,4,5,5-tetramethyl-[1,3,2]dioxabororan-2-yl)biphenyl was
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The compounds of the invention had a glass transition
point of not lower than 70° C. or did not have a glass transition
point. This indicates the stability of the compounds of the
invention as thin films.

Example 7

Using the compound of the invention, a deposited film
having a thickness of 100 nm was formed on an I'TO substrate,
and this was analyzed with an atmospheric photoelectron
spectrometer (Riken Keiki’s AC3 Model) to determine the
work function thereof.

Work Function

Compound of Example 1 of the invention 6.45 eV
Compound of Example 2 of the invention 6.70 eV
Compound of Example 3 of the invention 6.58 eV
Compound of Example 4 of the invention 6.60 eV
Compound of Example 5 of the invention 6.38 eV

As in the above, the compounds of the invention have a
larger work function than that, 5.4 eV of ordinary hole-trans-
porting materials such as NPD and TPD, and therefore have a
larger hole-blocking ability.
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Example 8

An organic ELL device was produced by forming a hole
transport layer 3, a light-emitting layer 4, a hole-blocking
layer 5, an electron transport layer 6, an electron injection
layer 7 and a cathode (aluminum electrode) 8 through vapor
deposition in that order on a glass substrate 1 on which an ITO
transparent electrode had been previously formed as an anode
2,asin FIG. 6. A glass substrate 1 with, as formed thereon, an
ITO film having a thickness of 150 nm was washed with an
organic solvent, and then its surface was washed through UV
ozone treatment. This was set in a vacuum evaporation cham-
ber, in which the pressure was reduced to 0.001 Pa or less.

Subsequently, NPD was deposited thereon as a hole trans-
port layer 3 to have a thickness of about 30 nm at a vapor
deposition rate of 6 nm/min. Further on it, CBP with Ir(ppy);,
as controlled to have a composition ratio of 7% by weight,
was deposited as a light-emitting layer 4 to have a thickness of
about 40 nm at a vapor deposition rate of 6 nm/min. On the
light-emitting layer 4, the compound of Example 1 of the
invention (compound 6) was deposited as a hole-blocking
layer also serving as an electron transport layer 5 and 6 to have
a thickness of about 45 nm at a vapor deposition rate of 6
nm/min. Onthe hole-blocking layer/electron transport layer 5
and 6, lithium fluoride was deposited as an electron injection
layer 7 to have a thickness of about 0.5 nm at a vapor depo-
sition rate of 0.6 nm/min. Finally, aluminum was deposited to
have a thickness of about 200 nm, thereby forming a cathode
8. The produced device was stored in a vacuum desiccator,
and its characteristics were measured at room temperature in
air.

A direct voltage was applied to the organic EL device thus
produced with the compound of Example 1 of the invention
(compound 6), and the data of the light-emitting characteris-
tics of the device are shown in FIG. 7 and FIG. 8. Specifically,
the device gave light emission of 100 cd/m” from 3.3 V; and at
5.1V, acurrent of 10 mA/cm? run through the device, and the
device gave green light emission of 3900 cd/m?. At the lumi-
nance, the external quantum efficiency of the device was
12%.

Comparative Example 1

For comparison, an organic EL device was produced under
the same condition as in Example 8, for which, however, the
hole-blocking layer 5 in Example 8 was changed to BCP, and
the electron transport layer 6 was changed to Alg;. Con-
cretely, BCP was deposited as the hole transport layer 5 to
have a thickness of about 15 nm at a vapor deposition rate of
6 nm/min, and Alq; was deposited as the electron transport
layer 6 to have a thickness of about 30 nm at a vapor deposi-
tion rate of 6 nm/min. A direct voltage was applied to the
produced organic EL device, and the data of the light-emitting
characteristics of the device are shown in FIG. 7 and FIG. 8.
Specifically, the device gave light emission of 100 cd/m? from
4.2V; and at 7.0 V, a current of 10 mA/cm? run through the
device, and the device gave green light emission of 3800
cd/m?. At the luminance, the external quantum efficiency of
the device was 12%.

As in the above, it is known that the organic EL device of
the invention attained noticeable reduction in the drive volt-
age not lowering the external quantum efficiency thereof, as
compared with the device in which BCP was used as the
hole-blocking layer and Alq; generally used as an ordinary
electron-transporting material was used as the electron trans-
port layer.
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Example 9

Like in Example 8, a glass substrate 1 with, as formed
thereon, an ITO film having a thickness of 150 nm was
washed with an organic solvent, and then its surface was
washed through UV ozone treatment. This was set in a
vacuum evaporation chamber, in which the pressure was
reduced to 0.001 Pa or less. Subsequently, NPD was depos-
ited thereon as a hole transport layer 3 having a thickness of
about 30 nm to cover the transparent anode 2, at a vapor
deposition rate of 6 nm/min. Further on it, mCP with FIr6, as
controlled to have a composition ratio of 6% by weight, was
deposited as a light-emitting layer 4 to have a thickness of
about 40 nm at a vapor deposition rate of 6 nm/min. On the
light-emitting layer 4, the compound of Example 1 of the
invention (compound 6) was deposited as a hole-blocking
layer also serving as an electron transport layer 5 and 6 to have
a thickness of about 45 nm at a vapor deposition rate of 6
nm/min. Onthe hole-blocking layer/electron transport layer 5
and 6, lithium fluoride was deposited as an electron injection
layer 7 to have a thickness of about 0.5 nm at a vapor depo-
sition rate of 0.6 nm/min. Finally, aluminum was deposited to
have a thickness of about 200 nm, thereby forming a cathode
8. The produced device was stored in a vacuum desiccator,
and its characteristics were measured at room temperature in
air.

A current density of 10 mA/cm? was applied to the organic
EL device thus produced with the compound of Example 1 of
the invention (compound 6). The data of the light-emitting
characteristics of the device are summarized in Table 1.

Example 10

An organic EL device was produced in the same manner as
in Example 9, in which, however, the compound of Example
3 of the invention (compound 15) was used for the hole-
blocking/electron transport layer 5 and 6. A current density of
10 mA/cm? was applied to the produced organic EL device.
The data of the light-emitting characteristics of the device are
summarized in Table 1.

Example 11

An organic EL device was produced in the same manner as
in Example 9, in which, however, the compound of Example
4 of the invention (compound 29) was used for the hole-
blocking/electron transport layer 5 and 6. A current density of
10 mA/cm? was applied to the produced organic EL device.
The data of the light-emitting characteristics of the device are
summarized in Table 1.

Comparative Example 2

For comparison, an organic EL device was produced in the
same manner as in Example 9, in which, however, TPBI was
used for the hole-blocking/electron transport layer 5 and 6. A
current density of 10 mA/cm? was applied to the produced
organic EL device. The data of the light-emitting character-
istics of the device are summarized in Table 1.
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TABLE 1
Luminance  Current Efficiency Power Efficiency
Voltage [V] [ed/m?] [cd/A] [Im/W]
(@10 mA/em?) (@10 mA/cm?) (@10 mA/cm?) (@10mA/cm?)
Example 9  Compound 6 7.36 1011 10.11 4.04
Example 10  Compound 15 7.41 1029 10.29 4.36
Example 11 Compound 29 7.38 986 9.86 4.20
Comparative TPBI 8.73 881 8.81 3.17
Example 2
Asshown in Table 1, when a current density of. 10 mA/cm?®
was applied to the devices, the drive voltage of the devices [Formula 2]

comprising the compound of the invention was lower than the
drive voltage, 8.73 V of the device comprising TPBI. In
addition, when a current density of mA/cm?* was applied
thereto, the devices of the invention all had significantly
higher data of luminance, current efficiency and power effi-
ciency than that those of the device comprising TPBI.

As in the above, it is known that the blue phosphorescent
organic EL devices of the invention are excellent in the cur-
rent efficiency and the power efficiency and can attain
remarkable reduction in the practical drive voltage, as com-
pared with the device using an ordinary electron-transporting
material TPBI.

INDUSTRIAL APPLICABILITY

The substituted bipyridyl compound of the invention
shows an excellent electron-injecting/transporting perfor-
mance and has an excellent hole-blocking ability, and its film
is stable, and therefore, it is excellent as a compound for
organic ELL devices. When an organic EL device is produced,
using the compound, then the drive voltage of the device can
be lowered and the durability thereof can be improved. For
example, the invention has made it possible to develop the
application of the compound to electric home appliances and
lightings.

The invention claimed is:

1. A substituted bipyridyl compound represented by the
following general formula (1):

[Formula 1]

/Rl Cor M
N aga I a0a )
\So S

(wherein R~ to R7 may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a di- to tetra-
valent group of any of an acenaphthenyl group, or a trivalent
group represented by the following general formula (2):
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X;\F
(wherein X, Y and Z each represents a carbon atom.

2. A substituted bipyridyl compound represented by the
following general formula (3):

[Formula 3]
Rl/\ R, R4/\ Rs
/\/ /] |\ \/\j
A — - | —] |- —
N R, N R

(wherein R* to R” may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a tri- or tetra-
valent group derived from biphenyl by removing 3 or 4 hydro-
gen atoms therefrom.

3. A substituted bipyridyl compound represented by the
following general formula (4):

[Formula 4]
Ry R, Ry Rs
2 A~
A (/\ /m f\ /\l
Lod U
N R3 N Ry
(wherein R' to R” may be the same or different, each repre-

senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched



US 8,642,189 B2

39

alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A is a trivalent group repre-
sented by the following general formula (5):

[Formula 5]

4. An organic electroluminescent device comprising a pair
of electrodes and at least one organic layer sandwiched
between them, wherein a substituted bipyridyl compound
represented by the following general formula (8) is used as
the constitutive material of at least one organic layer:

[Formula 8]

Ry R, Ry Rs
@
2

-

3

(wherein R1 to R7 may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a di- to tetra-
valent group of any of an acenaphthenyl group, or a trivalent
group represented by the following general formula (9):

B age

n

[Formula 9]

\

(wherein X, Y and Z each represents a carbon atom.
5. The organic electroluminescent device as claimed in
claim 4, wherein the organic layer is an electron transport
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layer, and the compound of the general formula (1) is used as
at least one constitutive material in the electron transport
layer.

6. The organic electroluminescent device as claimed in
claim 4, wherein the organic layer is a hole-blocking layer,
and the compound of the general formula (1) is used as at least
one constitutive material in the hole-blocking layer.

7. The organic electroluminescent device as claimed in
claim 4, wherein the organic layer is a light-emitting layer,
and the compound of the general formula (1) is used as at least
one constitutive material in the light-emitting layer.

8. The organic electroluminescent device as claimed in
claim 4, wherein the organic layer is an electron injection
layer, and the compound of the general formula (1) is used as
at least one constitutive material in the electron injection
layer.

9. A substituted bipyridyl compound represented by the
following general formula (10):

[Formula 10]
Rl/\ Ry R4/\ Rs
XN OA
A
\N' NX
R; R’

n

(wherein R* to R” may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a tri- or tetra-
valent, substituted or unsubstituted aromatic hydrocarbon
group, and at least one of R, to R, is a substituted or unsub-
stituted aromatic heterocyclic group.

10. A substituted bipyridyl compound represented by the
following general formula (11):

[Formula 11]
Ry Ry Ry Rs
A
x G
N\R3 N\R7

n

(wherein R* to R” may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a di- to tetra-
valent group of any of a pyridyl group, a furanyl group, a
thienyl group, a quinolyl group, an indolyl group, group, a
benzoxazolyl group, a benzothiazolyl group, a quinoxalyl
group, a pyrazolyl group, a dibenzofuranyl group, a diben-
zothienyl group, a naphthyridinyl group, and a phenanthrolyl
group.
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11. An organic electroluminescent device comprising a
pair of electrodes and at least one organic layer sandwiched
between them, wherein a substituted bipyridyl compound
represented by the following general formula (13) is used as
the constitutive material of at least one organic layer:

[Formula 13]
Rl RZ R4 RS

X XA
A s

3

(wherein R™ to R” may be the same or different, each repre-
senting a hydrogen atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
unsubstituted condensed polycyclic aromatic group; n indi-
cates an integer of from 2 to 4; A represents a di- to tetra-
valent, substituted or unsubstituted aromatic hydrocarbon
group, and at least one of R! to R” is a substituted or unsub-
stituted aromatic heterocyclic group.

#* #* #* #* #*
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